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Sex attraction in Polistes dominulus (Christ) demonstrated

using olfactometers and morphological source extracts

JOHNK. MACKENZIE\ PETERJ. LANDOLT^^

and RICHARDS. ZACK^

ABSTRACT

Y-tube and parallel tube olfactometers were used to test for attraction between and

within genders of the European paper wasp, Polistes dominulus (Christ). In the Y-tube

olfactometer, unmated females were attracted to male odour, while males were repelled

by unmated female odour. Males and females were not attracted to the odour of the

same sex in this experiment. In the parallel tube olfactometer, females were attracted to

male odour, while males were not attracted to female odour. Morphological sources of

potential sex attractants were tested using an arena bioassay design. Males rubbed their

mandibles and gaster on the substrate when exposed to extracts of unmated female or

male tagmata, female or male legs, or the male seventh gastral stemite. Wedid not see

overt behavioural responses by females to male or female extracts.
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INTRODUCTION

Sex pheromones are chemicals that

elicit behaviour related to mate-fmding,

mate-selection, and copulation in insects,

including vespid wasps (Wilson 1971;

Shorey 1977; Landolt et al. 1998). Close-

range attractants and copulatory incitants or

aphrodisiacs have been demonstrated be-

tween males and females of the social

wasps Polistes exclamans Viereck (Post

and Jeanne 1984; Reed and Landolt 1990a),

Polistes fuscatus (F.) (Post and Jeanne

1983a, 1984), Belonogaster petiolata De-

geer (Keeping et al. 1986), Vespula

squamosa Drury (Reed and Landolt 1990b),

and Vespa spp. (Batra 1980; Ono and Sa-

saki 1987). Despite such demonstrations, no

vespid sex pheromone chemical structure

has been identified. Sexual behaviour of

Polistes dominulus (Christ) (Hymenoptera:

Vespidae) has not been described or quanti-

fied in controlled experiments. Knowledge

of behavioural responses to putative phero-

mones is necessary for accurate pheromone

characterization.

Behavioural evidence in Polistes paper

wasps suggests that sex pheromones from

exocrine glands in the mandibles, legs, and

gastral sterna may be involved in mate at-

traction (Landoh and Akre 1979; Jeanne et

al 1983; Beani and Turillazzi 1988; Beani

and Calloni 1991a,b; Beani et al. 1992). In

several of these species, mating often oc-

curs away from the nest (Noonan 1978) on

perching substrates that are at prominent

locations such as on hilltops (Beani and

Turillazzi 1988; Mathes-Sears and Alcock

1986). Males, in some species of Polistes,

scent-mark by dragging their posterior gas-

tral stemites (Post and Jeanne 1983b; Reed

and Landoh 1991) and by rubbing their

mandibles (Wenzel 1987; Reed and Landolt

1991) on the perching substrate. Four spe-
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cies, including P. dominulus, are shown to

drag their hind legs on the substrate (Beani

and Calloni 1991a). Polistes dominulus

males have ducted class III gland cells that

open onto the cuticle in their legs, as well

as onto the seventh abdominal stemite

(Downing et al. 1985; Beani and Calloni

1991a). Although females of Polistes spp.

are not known to show overt scent-marking

behaviour, P. exclamans females possess a

pheromone in the venom that elicits sexual

behaviour in both conspecific and het-

erospecific males (Post and Jeanne 1984).

Additionally, a surface pheromone on the

thoracic and gastral cuticle in P. fuscatus is

important for male recognition of conspeci-

fic females (Post and Jeanne 1984).

The objective of this study was to inves-

tigate orientation and behavioural responses

of P. dominulus to potential sex odours

from a variety of morphological sources.

Klinotaxic (turning orientation) and ortho-

taxic (forward orientation) (Fraenkel and

Guim 1940; Wyatt 2003) responses to male

odour and unmated female odour were

tested using Y-tube and parallel tube olfac-

tometers, respectively. An arena-type bioas-

say was used to test for behavioural re-

sponses to extracts of male and unmated

female tagmata and glands. These studies

are foundational in aiding the overarching

objectives of determining sex pheromone

signaling systems in this species, and deter-

mining sources of those sex pheromones.

MATERIALSANDMETHODS

Colony Collection and Maintenance.

Polistes dominulus nests with pupae were

collected in the field, and placed in plastic

screened cages (30.5x30.5x30.5 cm) dur-

ing late August and early September in

2003 and 2004. Nests were collected at this

time because males were abundant, indicat-

ing that reproductive females would be

emerging from nests, and not worker fe-

males. Collected nests were monitored

daily to remove and segregate male and

female adults that emerged, in order to

minimize encounters between the sexes and

exposure to sex pheromones. Male and fe-

male wasps obtained in this manner were

assumed to be sexually inexperienced since

mating is reported to occur away from the

nest (Noonan 1978). These wasps were

used for the preparation of extracts and for

behavioral assays conducted in Pullman and

Yakima, Washington.

In Pullman (Whitman County), Wash-

ington, USA, the newly emerged wasps

were kept in a laboratory at 24°C, 40% RH,

under a natural light regime (14 hours of

light and 10 hours of dark), until testing in

the Y-tube olfactometer and in the parallel

tube olfactometer. All Y-tube olfactometer

tests were conducted in Pullman, while one

half of bioassay replicates for each experi-

ment conducted with parallel tube olfacto-

meters were conducted in Pullman and the

other half at the USDA, ARSYakima Agri-

cultural Research Laboratory near Yakima

(Yakima County), Washington, USA.
Wasps used in olfactometer tests and the

arena bioassays conducted in Yakima were

kept in a glass greenhouse under natural

lighting at 30 ± 3 T and 35% RH. At both

sites, wasps in cages were provided water

and a 1:10 molasses:water solution on cot-

ton balls for nutrition. Water and the solu-

tion of molasses were refreshed or replaced

daily. Wasps used in all assays were be-

tween 2 and 14 days old; they were ran-

domly selected for each trial and were not

reused in other trials for at least 48 hours.

Y-tube Olfactometer Bioassay. Un-

mated male and female wasps were tested

for klinotaxic responses to unmated female

odour and male odour in the Y-tube olfacto-

meter. The inside diameter of the glass Y-

tube was 2.5 cm and the length of the tube,

from stem base to Y-juncture, was 18 cm.

Airflow of 100 ml/min was measured with

a flowmeter (Aalborg Instruments, Monsey,

NY) before and after passing through the

480 ml jars housing the treatments. Air

passed through the treatment jar containing

3 "bait wasps" of the sex being assayed,

then through one arm of the Y-tube, and out

the stem of the Y-tube. Simultaneously, air
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passed through the empty control jar,

through the other arm of the Y-tube, and

out the stem of the Y-tube.

A paper wasp was placed in the stem of

the Y-tube and observed for a maximum of

five minutes. If the wasp moved upwind to

the Y-juncture and then moved completely

beyond the juncture into either of the arms

(with treatment airflow or with control air-

flow), that assay was ended and the re-

sponse was recorded. Ten wasps were

tested individually and in succession using

the same "bait wasps" in the treatment jar.

To eliminate a potential left or right turning

bias, the positioning of the treatment and

control was switched after the first 5 wasps

had been tested. A clean olfactometer sys-

tem was then set up and a fresh set of bait

wasps was placed in the treatment jar. This

experimental protocol was conducted four

times to provide a total of 40 wasps (5

wasps in series x 2 treatment positions x 4

= 40) tested for responses. Wasps entering

the treatment arm, the control arm, or nei-

ther arm of the Y-tube were recorded. For

each experiment, the numbers of wasps that

entered the treatment arm or the control arm

were compared using the Chi-square good-

ness-of-fit test with Yates correction for

continuity at P < 0.05 (Zar, 1974).

The olfactometer system was placed

horizontally 50 cm beneath two 1.2 mlong,

34W fluorescent bulbs (Osram Sylvania

Corp., Danvers, MA) and one 160W mer-

cury vapour bulb (Osram Sylvania Corp.,

Danvers, MA). Temperature at the olfacto-

meter surface was 31°C. Air moving
through the Y-tube olfactometer was sup-

plied by an aquarium air pump, purified

through a hydrocarbon trap (Alltech Asso-

ciates Inc., Deerfield, IL), and humidified

with a gas diffusion bottle. All glassware

(Ace Glass, Inc. Vineland, NJ) and steel

tubing were washed in hot water with Mi-

cro-90 cleaning solution (International

Products Corp., Burlington, NJ), and then

rinsed serially with deionized water, ace-

tone, and then hexane. Glassware was sub-

sequently placed in a drying oven at 1 SO'^C

overnight before used again in assays.

Parallel Tube Olfactometer Bioassay.

Unmated females were tested for orthotaxic

responses to male odour and males were

tested for orthotaxic responses to unmated

female odour in a parallel or "straight tube"

olfactometer design. This design is based

on that of Tobin et al (1981) and was re-

ported by Landolt et al (1988). The olfac-

tometer set up was the same as the Y-tube

set up, except for the replacement of the Y-

tube with two straight glass tubes. Each

straight tube was supplied 100 ml/min of

metered, purified humidified airfiow that

was passed through a glass jar housing an

odour source, separate from the other tube

and odour source. This setup was placed on

a laboratory table with fluorescent lighting

above and natural lighting from windows.

A wasp was placed in a straight glass tube,

2.5 cm diameter and 18 cm long, downwind
from the treatment airflow (3 bait wasps)

and another wasp was placed in an identical

tube downwind from the control airflow

(empty). For each wasp, the time it took to

cover the fiall 18 cm distance of the tube

was recorded, if indeed it completed the full

distance upwind. This assay was conducted

with 10 pairs of wasps (treatment and con-

trols paired), and the glassware for treat-

ment and control were switched after 5

pairs of wasps were tested. This experiment

was then replicated eight times, (N = 80)

and treatment mean times were separated

from control mean times using a paired t-

test at P < 0.05. Also, the mean percents of

those that travelled the entire lengths of the

treatment and control tubes, within the five

minute time limit, were separated using a

paired Mest at P< 0.05.

One half of the parallel tube olfactome-

ter replicates were conducted under the

same conditions as the Y-tube olfactometer

bioassays, in Pullman. The other replicates,

in Yakima, were conducted as they were in

Pullman, with these slight modifications:

(1) the bioassays were conducted in a con-

trolled environment room at 24 ''C and 65%
RH; (2) airflow was from a compressed air

source; (3) light was supplied by two, 1.2 m
long, 34 Wfluorescent light bulbs (Osram

Sylvania Corp., Danvers, MA) 50 cm above

the olfactometer. A J16 Digital Photometer
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(Tektronix Inc., Beaverton, OR) measured

at 27,663 lux (lumens/m^) at the olfactome-

ter surface; (4) after cleaning, the olfacto-

meter glassware and tubing were placed in

a drying oven for 24 h. Data from the paral-

lel tube olfactometer bioassays in Pullman

and Yakima were pooled and analyzed to-

gether. Wedid not expect the minor differ-

ences in assay conditions to alter the behav-

iour of the wasps and a preliminary analysis

of the results indicated similar responses in

the assays.

Tagmata and Extract Preparations.

Dissecting and grinding tools and equip-

ment were washed in hot water with Micro-

90 cleaning solution, and then rinsed with

deionized water, acetone, and methylene

chloride. Samples of 40 female heads, 40

male heads, 40 female thoraces, 40 male

thoraces, 40 female gasters, and 40 male

gasters, all from freshly freeze-killed

wasps, were each ground with a mortar and

pestle in methylene chloride. Additionally,

40 female venom sacs with acid sting

glands, 40 female alkaline glands, legs of

40 females, 40 male mandibles with ectal

glands, 40 male seventh gastral stemites

with glands, and legs of 40 males were dis-

sected or removed and then extracted with

methylene chloride. All tagmata and gland

extracts were reduced to 4 ml under a N2

stream and kept in a freezer at -15 °C, pro-

viding concentrations of one wasp-

equivalent per 1 00 |a.L of extract.

Tagmata and Gland Bioassay. Arena

bioassays were conducted in the same

greenhouse environment in which the

wasps were housed. The assays occurred

over the course of 3 weeks in September

between 10:00 and 16:00 hr. Light intensity

at the table was 16,758 ± 795 (mean ± S.E.)

lux, measured at 20 different times through-

out the bioassays.

On a table covered with white paper, a

wasp was placed under the bottom half of

an upside down, plastic, 8.5 cm diam. Petri

dish for one minute before experiencing

extract odour. Petri dishes and paper were

discarded after each bioassay. Immediately

prior to conducting the assay, 1 00 |j.l of the

treatment extract or 1 00 |il of the methylene

chloride control were applied to %wedges

of 5.5 cm diameter, #3 Whatman Filter Pa-

per (Whatman International Ltd., Maid-

stone, England). The methylene chloride

was evaporated before the filter paper was

placed under the Petri dish with the wasp.

Wasps were observed for two minutes

while in the presence of the extract or sol-

vent blank, after which they were placed

into holding cages to ensure they were not

used again in the assay. At the end of the

assay period on any given day, all wasps

were returned to cages that constituted the

general pools of male and female wasps

from which random selections were made
for subsequent experiments.

Male and female wasps were tested for

responses to extracts of tagmata and glands

from both sexes. Each of the tests was repli-

cated 20 times. In bioassays of male and

female tagmata, the sequence was: blank,

head, thorax, and gaster. In bioassays of

female gland bioassay the sequence was:

blank, venom, legs, and alkaline gland. In

bioassays of male glands the sequence was:

blank, mandibles, legs, and seventh sternal

gland. For each assay, a record was kept of

continuous movement, no movement, and

the number of times a wasp showed stop &
go movement, antennal contact with the

filter paper, grooming fore legs through

mandibles and then rubbing antennae,

grooming fore legs through mandibles then

rubbing thorax, grooming gaster with hind

legs, rubbing hind legs together, rubbing

mandibles on substrate, and rubbing gaster

on substrate. For each behaviour and each

sex, a 2x2 contingency table was con-

structed to make comparisons of the num-

ber of times a behaviour was observed for

the control versus each of the tagmata and

gland extracts. For each behavior, contin-

gency tables were analyzed using the Chi-

square statistic with Yates correction for

continuity at P < 0.05 (Zar, 1974).
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RESULTS
Y-tube Olfactometer Bioassays (Table

1). Females significantly more often turned

toward male odour and away fi*om the con-

trol {P < 0.001). Males significantly more

often turned away fi*om female odour and

toward the control (P < 0.05). Neither

males nor unmated females turned toward

odour from males {P > 0.10) and females

{P > 0.5), respectively, compared to the

control.

Parallel Tube Olfactometer Bioassays.

The mean time (± S.E.) of female move-

ment toward male odour (33.7 ± 4.4 sec, df

= 19, P = 0.002) was significantly lower

than toward the control (49.1 ± 4.1 sec).

There was no significant difference in the

mean percent (± S.E.) of females that trav-

eled the length of the treatment (89.0 ±

4.3%, df = 7, P = 0.087) and control (81.0 ±

4.3%) tubes within five minutes. The mean
time (± S.E.) for male movement toward

female odour (88.2 ± 14.3 sec, df = 79, P =

0.141) was not statisfically different com-

pared to the control (68.1 ± 12.0 sec). This

was also true for the mean percent (± S.E.)

of males that travelled the length of the

treatment (70.0 ± 7.3%, df = 7, P = 0.361)

and control (78.8 ± 6.9%) tubes within five

minutes.

Tagmata Experiments. Females did

not behave differently in the presence of

extracts of female or male tagmata com-

pared to the blank. Males rubbed their man-

dibles on the substrate more often when
treated with extract of $ thorax (P < 0.05)

compared to the blank (Table 2). They also

rubbed their gaster on the substrate more

often when treated with extracts of $ tho-

rax (P < 0.005) or $ gaster (P < 0.05) com-

pared to the blank (Table 2). When pre-

sented with extracts of S thorax and

gaster, males rubbed their mandibles on the

substrate more often (P < 0.05) compared to

the blank (Table 2).

Gland Experiments. Unmated females

did not show any significant behavioural

differences in the presence of extracts of

female or male glands compared to the

blank. Males rubbed their mandibles (P <

0.05) and gaster (P < 0.005) on the sub-

strate more often when exposed to $ leg

extract (Table 3). When treated with S leg

extract, males continuously moved (P <

0.001) and rubbed their mandibles on the

substrate (P < 0.05). They also rubbed their

mandibles (P < 0.005) and gaster (P <

0.005) on the substrate when exposed to S
seventh stemite with gland extract (Table

3). Lastly, males rubbed their gaster on the

substrate (P < 0.005) more often when ex-

posed to 3 mandibles with ectal mandibular

gland extract (Table 3).

DISCUSSION

Polistes males are known to use mating

strategies such as marking behaviour by
rubbing their mandibles, gaster, and legs on

perch sites (Beani and Calloni 1991a; Polak

1993). It is hypothesized that such scent-

marked perch sites attract females (Landolt

and Akre 1979; Post and Jeanne 1983b,c;

Wenzel 1987; Reed and Landolt 1990a).

Our orientation bioassay results using olfac-

tometers support the hypothesis that fe-

males are attracted to a pheromone of males

since male odour elicited positive turning

and increased speed of forward movement
fi'om females. Female attraction to males in

olfactometers has also been shown for the

paper wasp species P. fuscatus (Post and

Jeanne 1983a) and P. exclamans (Reed and

Landolt 1990a).

The observed repellency of females to

males in the Y-tube, but not the parallel-

tube olfactometer, assays is puzzling and

calls for possible explanation. It is assumed

that females would control release of any

sex attractant or courtship pheromone and

we have no means of knowing if and when

females were "calling" when they were

tested in olfactometers. Thus, females may
be attracfive to males under circumstances

not met by our assay conditions. Also, fe-

male venom may possess alarm pheromone

(Bruschini et al. 2006), which could com-

plicate assay results when females have
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Table 1.

Numbers of European paper wasps, Polistes dommulus, turning towards airflow from over

conspecific wasps compared to control airflow, in a Y-tube olfactometer'

.

Bioassay ^treatment ^control X experimental P-value

?to? 22 18 0.225 P>0.5

?toc? 31 9 11.025 P< 0.001

(?to9 13 27 4.225 P<0.05

C?tO(? 16 24 1.225 P>0.10

' Analyzed using Chi-square goodness-of-fit test with Yates correction for continuity where

X theoreticaK 1,0.05) = 3.841.

Table 2.

Numbers of unmated male European paper wasps, Polistes dominulus, responding to unmated

male and female tagmata in an arena type assay'.

Behaviour^ Blank 9 Head $Thorax $Gaster cjHead c?Thorax cjGaster

A 12 14 15 17 11 11 14

B 3 4 0 2 4 2 2

C 5 2 5 1 5 7 4

D 5 8 10 10 4 4 10

E 12 8 13 8 7 10 7

F 5 0 7 3 4 6 8

G 2 4 4 3 3 3 3

H 4 0 5 1 0 4 4

I 2 7 9* 7 4 9* 9*

J 0 2 9 6* 2 3 4

' Within a row, treatments compared only to blank in a 2x2 contingency table analyzed using

the Chi-square statistic with Yates correction for continuity are significant at P < 0.05. Num-
bers with an asterisk are significantly different from the blank.

^ A - continuous movement, B - no movement, C - stop & go, D - antennate paper, E - groom

fore legs in mandibles; rub antenna, F - groom fore legs in mandibles; rub thorax, G - groom

gaster with hind legs, H - rub hind legs together, I - rub mandibles on substrate, J - rub gaster

on substrate.

been handled and disturbed. Caution must

then be exercised in interpreting negative or

apparently conflicting results.

Female P. dominulus in this study

showed neither a positive nor negative ori-

entation response toward female odour.

Overwintering females in search of hiberna-

tion sites might be expected to respond to

aggregations of females (Reed and Landolt

1991). Heterospecific aggregations of paper

wasp gynes in hibemacula have been re-

ported (Rau 1930, 1938; Bohart 1942;

Hermann et al. 1974; Gibo 1980; Reed and

Landolt 1991) as well as purely conspecific

aggregations (Rau 1938; Strassmann 1979).

Polistes dominulus queens appear to over-

winter in multi-colony groups (Starks

2003). However, there may be multiple

factors (such as temperature and day

length) that stimulate females to seek out

hibemacula and other overwintering fe-

males. The wasps used in these bioassays

were housed under summer-like tempera-

tures and day length. Hence, we can make
no conclusions regarding the presence or

absence of a female aggregation phero-

mone.

Venom is thought to include a sex

pheromone that elicits copulatory behaviour

in males of P. fuscatus and P. exclamans
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Table 3.

Numbers of unmated male European paper wasps, Polistes dominulus, responding to unmated

male and female glands in an arena assay'

.

Behaviour'' Blank $Venom $Legs (^Mandibles (?Legs c?Sternite Blank 9Alkaline

A 8 13 14 15 J9** 15 11 12

B 3 1 2 1 0 2 2 5

C 9 6 4 4 1 3 7 3

D 6 11 11 13 12 13 5 7

E 9 8 15 14 9 9 11 12

F 1 0 3 2 2 1 4 2

G 6 2 10 7 6 6 7 5

H 4 2 7 6 4 5 4 6

I 2 6 9* 6 9* 12* 4 3

J 1 4 10* 9* 5 10* 3 5

' Within a row, treatments compared only to blank in a 2x2 contingency table analyzed using

the Chi-square statistic with Yates correction for continuity (significant at P < 0.05, df = 1).

Numbers of responses with an asterisk are significantly different from the blank.

^ A - continuous movement, B - no movement, C - stop & go, D - antennate paper, E - groom

fore legs in mandibles; rub antenna, - groom fore legs in mandibles; rub thorax, G - groom

gaster with hind legs, H - rub hind legs together, I - rub mandibles on substrate, J - rub gaster

on substrate

(Post and Jeanne 1983a; 1984). Odorants on

the female cuticle are thought also to be a

conspecific sex pheromone in these species

(Post and Jeanne 1983a, 1984). Our olfacto-

meter bioassays did not evaluate copulatory

behaviour, but rather orientation behaviour.

Males of P. dominulus did not orient by

turning or increasing their speed of move-

ment toward female odour in either the Y-

tube or parallel tube bioassays, respectively.

Wedid observe behavioural responses such

as increased movement and possible scent

marking by males to extracts of female

gasters and venom glands in an arena assay,

but again we did not study copulatory re-

sponses. Although venom seems to play a

role in mediating courtship or copulation in

some paper wasps, it is not known to serve

as a sex attractant. In our experiments, we
cannot rule out possible female release of

alarm chemicals due to handling stress,

complicating the interpretation of behav-

ioural assay results, although Freisling

(1943) was unable to demonstrate an alarm

pheromone in P. dominulus.

Polistes dominulus females have ducted

type III gland cells in their legs (Beani and

Calloni 1991a). Polistes fuscatus males

responded to female tagmata extracts in a

wind tunnel, but the greatest response was

to female thorax extract (Reed and Landolt

1990a). During our behaviour bioassays,

males responded to extract of $ legs in the

same manner as to extract of the entire tho-

rax, by rubbing their mandibles and gaster

on the substrate. Additionally, males rubbed

their gaster on the substrate when exposed

to 9 gaster extract. These behavioural re-

sponses have been observed in males of

other Polistes species and described as

scent-marking (Post and Jeanne 1983b;

Wenzel 1987). Female odour may not elicit

orientation responses, but female extracts of

thoraces and legs do appear to elicit scent-

marking in males.

Scent-marking behaviour in males is

believed to attract females for mating pur-

poses, and to signal territorial ownership to

other males (Post and Jeanne 1983b; Beani

and Calloni 1991a). Male odour may deter

other males of the same species since terri-

torial males will actively chase intruders

away and, afterwards, increase grooming

and scent-marking behaviour (Post and
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Jeanne 1983b; Beani and Calloni 1991a).

Males of other Polistes species are known

to patrol and defend territorial perches near

hibemacula and nest sites by gaster drag-

ging and mandible rubbing on the substrate

(Post and Jeanne 1983b; Wenzel 1987;

Reed and Landolt 1991). The dragging of

the male gaster has also been in observed in

Mischocyttarus spp. (Litte 1979, 1981).

Nineteen of 20 males that were presented

with S leg extract continuously moved for

the two-minute assay; they also rubbed

their mandibles on the substrate more often

than when presented with the blank. Males

rubbed their mandibles on the substrate

when presented with S gaster extract.

When the seventh sternal gland was dis-

sected and presented to males, they per-

formed gaster dragging in addition to rub-

bing their mandibles on the substrate. Al-

though males did not respond to S head

extract, they did drag their gaster on the

substrate when presented with S mandible

extract. Therefore, we quantified and report

behaviours that are consistent with previous

behavioural studies of different Polistes

species.

The orientation and behavioural evi-

dence reported herein supports the previ-

ously stated hypothesis that males use

scent-marking for mating and territorial

defense purposes by depositing pheromone

from well-developed exocrine glands in the

gaster, mandibles, and legs onto the perch

substrate (Landolt and Akre 1979; Jeanne et

al. 1983; Beani and Calloni 1991b). The

quantification of orientation and behav-

ioural responses to potential sex attractant

odours between and within genders is foun-

dational to the larger work of isolating,

identifying, and testing sex pheromones in

Vespidae.

ACKNOWLEDGEMENTS
Daryl Green (USDA-ARS) provided

technical assistance. The Washington State

Commission on Pesticide Registration and

Sterling International Inc. provided funding

for this work.

REFERENCES

Batra, S. W. 1980. Sexual behaviour and pheromones of the European hornet, Vespa crabro germana

(Hymenoptera: Vespidae). Journal of the Kansas Entomological Society 53:461-469.

Beani, L., and C. Calloni. 1991a. Leg tegumental glands and male rubbing behaviour at leks in Polistes

dominulus (Hymenoptera: Vespidae). Journal of Insect Behaviour 4:449-462.

Beani, L., and C. Calloni. 1991b. Male rubbing behaviour and the hypothesis of pheromonal release in

polistine wasps (Hymenoptera: Vespidae). Ethology Ecology and Evolution (Special Issue) 1:51-54.

Beani, L., and S. Turillazzi. 1988. Alternative mating tactics in males of Polistes dominulus (Hymenoptera:

Vespidae). Behavioural Ecology and Sociobiology 22:257-264.

Beani, L., R. Cervo, M. C. Lorenzi, and S. Turillazzi. 1992. Landmark-based mating systems in four

Polistes species (Hymenoptera: Vespidae). Journal of the Kansas Entomological Society 65:21 1-217.

Bohart, G. E. 1942. Notes on some feeding and hibernation habits of California Polistes. Pan-Pacific Ento-

mologist 18:30.

Bruschini, C, R. Cervo, and S. Turillazzi. 2006. Evidence of alarm pheromones in the venom of Polistes

dominulus workers (Hymenoptera: Vespidae). Physiological Entomology 3 1 : 286-293.

Downing, H. A., D. C. Post, and R. L. Jeanne. 1985. Morphology of sternal glands in male polistine wasps

(Hymenoptera: Vespidae). Insectes Sociaux 32:186-198.

Fraenkel, G. S., and D. L. Gunn. 1940. The Orientation of Animals: Kineses, Taxes and Compass Reac-

tions. Oxford University Press, Oxford, United Kingdom.

Freisling, J. 1943. Zur Psychologic der Feldwespe. Z. Tierpsychol. 5:439-463.

Gibo, D. L. 1980. Overwintering of Polistes fuscatus in Canada: use of abandoned nests of Dolichovespula

arenaria. Journal of the NewYork Entomological Society 88:146-150.

Hermann, H. R., D. Gerling, and T. Dirks. 1974. Hibernation and mating activity of five polistine wasp

species. Journal of the Georgia Entomological Society 9:203-204.

Jeanne, R. L. 1996. The evolution of exocrine gland function in wasps, pp. 144-159, in S. Turillazzi and M.

J. West-Eberhard (eds.). Natural History and Evolution of Paper- Wasps. Oxford University Press, Ox-



J. Entomol. Soc. Brit. Columbia 105, December 2008 43

ford, United Kingdom.

Jeanne, R. L., H. A. Downing, and D. C. Post. 1983. Morphology and function of sternal glands in polistine

wasps (Hymenoptera: Vespidae). Zoomorphology. 103:149-164.

Keeping, M. G., D. Lipschitz, and R. M. Crewe. 1986. Chemical mate recognition and release of male sex-

ual behaviour in polybiine wasp, Belonogaster petiolata Degeer (Hymenoptera: Vespidae). Journal of

Chemical Ecology n:112>-119.

Landoh, P. J., and R. D. Akre. 1979. Occurrence and location of exocrine glands in some social Vespidae

(Hymenoptera). Annals of the Entomological Society of America 33:45-57.

Landolt, P. J., R. W. Hofstetter, and P. S. Chapman. 1998. Neonate codling moth larvae (Lepidoptera: Tor-

tricidae) orient anemotactically to odor of immature apple fruit. Pan Pacific Entomologist 74: 140-149.

Landolt, P. J., R. L. Jeanne, and H. C. Reed. 1998. Chemical communication in social wasps, pp. 216-235,

in R.K. Vander Meer, M.D. Breed, M.L. Winston, and K.E. Espelie (eds.). Chemical Communication in

Social Insects. Westview Press, Boulder, Colorado.

Litte, M. 1979. Mischocyttarus flavitarsis in Arizona: social and nesting biology of a polistine wasp.

Zeitschrift fur Tierpsychologie 50:282-312.

Litte, M. 1981. Social biology of the polistine wasp Mischocyttarus labiatus: survival in a Columbian rain

forest. Smithsonian Contributions in Zoology No. 327.

Mathes-Sears, W., and J. Alcock. 1986. Hilltopping behaviour of Polistes commanchus navajoe

(Hymenoptera: Vespidae). Ethology 71: 42-53.

Noonan, K. M. 1978. Sex ratio of parental investment in colonies of the social wasp Polistes fuscatus. Sci-

ence 199:1354-1356.

Ono, M., and M. Sasaki. 1987. Sex pheromones and their cross-activities in six Japanese sympatric species

of the genus Vespa. Insectes Sociaux 34:252-260.

Polak, M. 1993. Competition for landmark territories among male Polistes canadensis (L.) (Hymenoptera:

Vespidae): large-size advantage and alternative mate-acquisition tactics. Behavioural Ecology 4:325-331.

Post, D. C, and R. L. Jeanne. 1983a. Venom: Source of a sex pheromone in the social wasp Polistes fusca-

tus (Hymenoptera: Vespidae). Journal of Chemical Ecology 9:259-266.

Post, D. C, and R. L. Jeanne. 1983b. Male reproductive behaviour of the social wasp Polistes fuscatus

(Hymenoptera: Vespidae). Zeitschrift fur Tierpsychologie 62:157-171.

Post, D. C, and R. L. Jeanne. 1983c. Sternal glands in males of six species of Polistes {Fuscopolistes)

(Hymenoptera: Vespidae). Journal of the Kansas Entomological Society 56:32-39.

Post, D. C, and R. L. Jeanne. 1984. Venom as an interspecific sex pheromone and species recognition by a

cuticular pheromone in paper wasps {Polistes Hymenoptera: Vespidae). Physiological Entomology 9:65-

75.

Rau, P. 1930. The behaviour of hibernating Polistes wasps. Annals of the Entomological Society of Amer-

ica 23:461-466.

Rau, P. 1938. Studies in the ecology and behaviour of Polistes wasps. Bulletin of the Brooklyn Entomologi-

cal Society 33:224-235.

Reed, H. C, and P. J. Landolt. 1990a. Sex attraction in paper wasp, Polistes exclamans Viereck

(Hymenoptera: Vespidae), in a wind tunnel. Journal of Chemical Ecology 16:1277-1287.

Reed, H. C, and P. J. Landolt. 1990b. Queens of the southern yellowjacket Vespula squamosa, produce sex

attractant (Hymenoptera: Vespidae). Florida Entomologist 73:687-689.

Reed, H. C, and P. J. Landolt. 1991. Swarming of paper wasp (Hymenoptera: Vespidae) sexuals at towers

in Florida. Annals of the Entomological Society of America 84:628-635.

Shorey, H. H. 1977. Interactions of insects with their chemical environments, pp. 1-5, in H. H. Shorey and

J. J. McKelvey (eds.). Chemical Control of Insect Behaviour: Theory and Application. Wiley-

Interscience, NewYork, NewYork.

Starks, P. T. 2003. Natal nest discrimination in the paper wasp, Polistes dominulus. Annales Zoologici Fen-

nici 40: 53-60.

Strassmann, J. E. 1979. Honey caches help female paper wasp {P. annularis) survive Texas winters. Science

204:207-209.

Tobin, T. R., G. Seelinger, and W. J. Bell. 1981. Behavioral responses of Periplaneta americana to pe-

riplanone B, a synthetic component of the female sex pheromone. Journal of Chemical Ecology 7: 969-

979.

Wenzel, J. W. 1987. Male reproductive behaviour and mandibular glands in Polistes major (Hymenoptera:

Vespidae). Insectes Sociaux 34:44-57.

Wilson, E. O. 1971. The Insect Societies. Harvard University Press, Cambridge, Massachusetts.

Wyatt, T. D. 2003. Pheromones and Animal Behaviour: Communication by Smell and Taste. Cambridge

University Press, Cambridge, UK.
Zar, J. H. 1974. Biostatistical Analysis. Prentice-Hall, Inc. Englewood, NewJersey.


